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SIR: 

Now comes Yasuvo Suga , who declares and states that: 

1 . I am a graduate of University of Kyoto Institute of Technology , and received my 
bachelor degree in the field of agriculture , in the year 1991 ; 

2. I have been employed by Aiinomoto Co., Inc. , for 19 years as a researcher in 
R&D department involving in the study of medicine ; 

3. I am a named inventor of the above-identified application. 

4. I have read and understand the present application and the Office Actions to date, 
including the references cited therein; 

5 . It is my opinion that the skilled artisan would not modify a disclosure of P- 
glucans from mushrooms based on a disclosure of P-glucans from yeast. This opinion is based 
on the fact that there are various types of P-glucans, and there are differences in structure 
between P-glucans from mushrooms and P-glucans from yeast. 
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Specifically, P-l,3-glucans derived from mushroom, in general, comprises 0-1,6- 
glucans. On the other hand, 0- 1 ,3-glucans derived from yeast, does not comprise P- 1 ,6- 
glucans. Thus, the P-glucans derived from mushroom is distinct from P-glucans derived 
from yeast as to the presence of P~l,6-glucans. 

Support for the foregoing is provided by the following references, which were 
submitted on June 25, 2008: 

a. Documents regarding Lentinula edodes (Shiitake) (Lentinan) 

Sasaki T., Takasuka N., Carbohydr. Res., 47, 99 (1976) 

Sasaki T., Takasuka N., Chihara G., Maeda Y. Y., Gann, 67, 191 (1976) 

Saito H., Ohki T., Sasaki T., Biochem. 16, 908 (1977) 

b. Document regarding Schizophyllum commune (Sizofiran) 

Tabata K., Ito W., Kojima T. et al Carbohydr. Res., 89, 121 (1981) 

c. Document regarding Selerotium (Seleroglucan) 

Falch B H, Espevik T, Ryan Let al Carbohydr. Res., 329, 587 (2000) 
In addition to the foregoing evidence that establishes that mushrooms comprise P-1,6- 
glucans the following references were filed with the response on January 29, 2009 to show 
that yeast disclosed by Kropf et al are devoid of P-l ,6-glucans in addition to aforementioned 
references that show that the only P-glucans derived from yeast are p-l,3-glucans or P- 
glucans having both 1 ->3-linked and l->6-linked glucose residues, which are distinct from 
the P-l,6-glucans derived from mushrooms: 

a. "Zymosan 7 ', Wikipedia entry retrieved January 26, 2009 at 
http://en.wikipedia.org/wiki/Zvmosan : 
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b. "P-glucan", Wikipedia entry retrieved January 27, 2009 at 
http://en.wikipedia.org/wiki/Beta-glucan : 

c. Tada R, et al., Glycoconj. J. 25:85 1-86 1 , 2008; 

d. Oshiman K, et al., Planta Med. 8:610-614, 2002. 

References (a) - (c) show that P-glucans derived from yeast are mostly p-glucans 
having p-l,3-linked main chains (partly, having P-l,6-linked branched chains (residues)). 
Reference (d) shows that p-glucans derived from mushroom has p- 1,6- linked main chains, 
not P-l,6-linked as a residue. 

6. With respect to the particle size of p-glucans "wherein the superfine particles have 
an average particle diameter of 10 [im or less" there is no direct relation between 
absorbability and the medical effect as supported by the following references are attached to 
this Declaration: 

a. Suga et al., Biotherapy. 17(3):267-273, 2003; 

b. Suga et al., Biotherapy. 1 9(3):273-278, 2005; 

c. Shen et al., Biomedial Research. 28(2):71-77, 2007. 

Moreover, when finding the ingredient of an orally effective pharmaceutical, for example, 
even if absorbability is improved to some extent, degradation is apt to occur when the 
absorbability is enhanced. Even if the degradation does not occur, pharmacological effect is 
not necessarily produced, and many difficult problems may newly arise. Therefore, even if 
the particle size becomes smaller, both of absorbability and immune activating effect are not 
necessarily improved. Thus, the effect of the present invention as demonstrated in the my 
Declaration under 37 C.F.R. §1.132 executed on September 7, 2009, is unexpected. 
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7. I declare further that all statements made of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of this 
application or any patent issuing thereon. 

8. Further Declarant saith not. 
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It Is known thai £-1,3-gIucan has antitumor effects based on activation of host Immune systems, but 
Its effects are not seen with oral administration. In this study, we prepared lecithin micelles with /?-1,3- 
glucan or mushroom extract using high pressure homogenlzer, and assessed antitumor effects of oral 
administration of these micelles. Micelles with both 0-1,3-glucan and mushroom extract showed the 
Inhibition of tumor growth with oral administration In murine experimental model. 

Key words: Micellary mushroom extracts (MME), /?-1,3-Glucan (Lentlnan; LNT), Antitumor effects 
Address request for reprint* to : Yasuyo Suga, Pharmaceutical Research Laboratories. Ajlnomoto Co., 
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Title- Antitumor effect of micronized mushroom extract on tumor bearing murine model 
(Biotherapy 17 (3) : 267*273, May, 2003) 
Translation of p. 268-273 
Introduction 

Up to now, by many study results, it has been shown that j3 -1,3-glucan 
(Lentinan, LNT) exerts host-mediated anti-tumor effects 1 4) . In addition to anti-tumor 
effects, by basic experiment, it has been confirmed that it is effective against various 
diseases via immunity 5 ' 8 *. Sarcoma 180 (Si 80) subcutaneous inoculation model of a 
murine sarcoma cell is known as one of model systems capable of observing the 
anti-tumor effects markedly. In this model, intravenous administration or 
intraperitoneal administration of 0 -1,3-glucan exerts a potent anti-tumor effect such 
as complete tumor regression, whereas oral administration does not exert the effect at 
all. It is thought that one of these reasons is that £ -1,3-glucan is not absorbed through 
the intestinal tract since j3 -1,3-glucan is a molecule of relatively large neutral 
polysaccharide and it forms an aggregate by association between molecules. M cells in 
small intestinal peyer's patchs are known to have main function for uptake of antigens, 
and they also incorporate various large molecules, such as virus and bacteria. In 
addition, in an study using microsphere, there is a report that particles having 5 ^ or 
less of diameter pass through M cells and arrive at immune tissues such as mesenteric 
lymph nodes and spleen 9) . With regard to 0 "1,3-glucan, it can be considered that /3 
-1,3-glucan has likelihood of exerting a host mediated effect, in a case where 0 
-1,3-glucan could be absorbed from M cells and transported to immune tissue. 

Therefore, in this study, we focused on particle diameter of 13 -1,3-glucan, 
performed micronization of the j3 -1,3-glucan solution and the extract extracted from 
shiitake comprising j3 -1,3-glucan, and examined the inhibitory effect on tumor growth 
in murine tumor inoculation model in oral administration. 

I. Subject and Methods 
1. Test substances 

An extract obtained by hot water extraction of shiitake made in Japan was 
used as an extract of shiitake. The extract of shiitake was converted into a micronized 
shiitake extract by mixing with lecithin (Tsuru Lecithin Kogyo Co., Ltd.) and treating 



with high pressure homogenizer. j3 -1,3-glucan was prepared using bulky powder of 
lentinan (Ajinomoto Co., Inc.) and, similarly, converted into a micronized [3 -1,3-glucan 
using high pressure homogenizer. 

2. Method of measuring particle size distribution 

The mean particle diameter of the test substances was measured by a 
measurement using a laser diffraction/scattering particle size distribution 
measurement method using an LA-910 particle size distribution meter manufactured 
by Horiba Seisakusho Co., Ltd. 

3. Method of measuring the concentration of j3 -1,3-glucan 

The concentration of j3 -1,3-glucan in the test substances was quantitatively 
determined by adding sodium hydroxide aqueous solution so as to convert into alkaline 
solution, adding Congo red solution and phosphoric acid and measuring the absorbance 
at 535 nm with a spectrophotometer utilizing the shift of the local maximum absorption 
wavelength of Congo red by 0 -1,3-glucan. 

4. Method for evaluation of anti-tumor activity 

Murine sarcoma tumor cells, S180, maintained by intraperitoneal inoculation 
in vivo were subcutaneously inoclated into right groin of ICR mice, female, and 
5-6* weeks-old, at 3 X 10 6 /0.1 ml/head. The test substances were compulsorily and 
orally administrated at one time/day since the next day of the inoculation. Antitumor 
activity was evaluated with the tumor volume [maximum diameter X minimum 
diameter 2 -r 2] and the degree of inhibition of tumor growth [(l* the tumor volume of 
the administred group / tumor volume of the untreated group in the tumor bearing 
mice) X 100]. 

5. Method for evaluation of a delayed type hypersensitive reaction (DTH reaction) on 
tumor antigen 

Si 80 dead cells obtained by freeze- thawing of Si 80 cells were used as a tumor 
antigen. Administration of the test substances was initiated on 7th day after the 
tumor inoculation. At the 9th administration, i.e. on 15th day after the tumor 
inoculation, physiological saline was inoculated into murine right leg and tumor antigen 
was inoculated into left leg. 24 hours later, the thickness of each of the legs was 
measured, and [the delayed type hypersensitive reaction] was evaluated with the legs' 
swell due to the inoculation of tumor antigen [(the thickness of left leg at 24 hours later 



- the thickness of left leg at before the inoculation) - (the thickness of right leg at 24 
hours later - the thickness of right leg at before the inoculation)] . 

6. Statistical analysis 

Significance Test was carried for the untreated group in the tumor bearing 
mice using t-test for the test between 2 groups and Dunnet one-tailed for the test 
between multi-groups. 

II. Results 

1. Micronization of ft -1,3-glucan 

Particle size distribution was measured for a solution comprising ft -1,3-glucan 
concentration of 0.25 mg/ml. The mean particle diameter of the ft -1,3-glucan solution 
was approximately 200 \x m, and most of the particles were of 20 \l m or more (Figure 
l). On the other hand, the mean particle diameter of the micronized 0 -1,3-glucan 
solution was approximately 0.1 m m, and most of the particles were of 20 urn or less 
(Figure 2). Furthermore, it was also confirmed that there is no change in the particle 
size distribution of the micronized ft — 1,3 — glucan solution for 3 months at 4 °C or 
room temperature. 

2. Anti- tumor activity of the micronized ft -1,3-glucan 

Figure 3 shows the degree of inhibition of tumor growth in a case where the ft 
-1,3-glucan solution or the micronized 0 -1,3-glucan solution was compulsorily and 
orally administered to S180 subcutaneous inoculation mice one time/day for 10 days 
(5-day administration and 2-day suspension) in a dose of 0.03 mg/head in terms of ft 
-1,3-glucan amount. Significant inhibitory effect on tumor growth was not recognized 
by the oral administration of the ft -1,3-glucan solution (Figure 3a), whereas the 
significant inhibitory effect on tumor growth was recognized by the oral administration 
of the micronized ft -1,3-glucan solution and the effect was maximum on the 16th day 
after the tumor inoculation (Figure 3b). Furthermore, it was also confirmed that 
lecithin has no inhibitory effect on tumor growth at the same concentration as that of 
the micronized ft -1,3-glucan solution. 

3. Micronization of shiitake extract 

Particle size distribution of a solution prepared at 0.15 mg/ml in terms of ft 
-1,3-glucan amount was measured. Most of the particles of shiitake extract were 15 \x 
m or more, and the mean particle diameter thereof was approximately 288 \i m (Figure 



4) . On the other hand, most of the particles of micronized shiitake extract were 0.2 u 
m or less, and the mean particle diameter thereof was approximately 0.08 n m (Figure 

5) . It was also confirmed that there is no change in the particle size distribution for 3 
months at 4 °C or room temperature. 

4. Anti-tumor activity by micronized shiitake extract 

Fig. 6 shows the degree of inhibition of tumor growth in a case where the 
shiitake extract or the micronized j3 -1,3-glucan solution was compulsorily and orally 
administered to S180 subcutaneous inoculation mice one time/day for 10 days (5~day 
administration and 2-day suspension) in a dose of 0.03 mg/head in terms of ft 
-1,3-glucan amount. Significant inhibitory effect on tumor growth was not recognized 
by the oral administration of the shiitake extract (Figure 6a), whereas the significant 
inhibitory effect on tumor growth was recognized by the oral administration of the 
micronized shiitake extract and the effect was maximum on the 16th day after the 
tumor inoculation (Figure 6b). 

5. A delayed type hypersensitive reaction (DTH reaction) on tumor antigen 

After 9 days administration of the micronized shiitake extract, the ft 
-1,3-glucan solution and the micronized ft -1,3-glucan solution to S180 subcutaneous 
inoculation mice one time/day, in a dose of 0.03 mg/head in terms of ft -1,3-glucan 
amount, a delayed type hypersensitive reaction on tumor antigen was examined. As a 
result, enhancement of DTH reaction was not recognized in the normal group, the 
untreated group in the tumor bearing mice, the group administered with ft -1,3-glucan 
solution, whereas significant enhancement of DTH reaction was recognized in the group 
administered with micronized shiitake extract and that of ft -1,3-glucan solution 
compared to the untreated group in the tumor bearing mice (Figure 7). 

III. Discussion 

An inhibitory effect on tumor growth was examined using murine Si 80 
subcutaneous inoculation model. Oral administration of ft -1,3-glucan solution did not 
exert the effect. On the other hand, particle diameter of ft -1,3-glucan was focused in 
this study, thus it became apparent that the anti-tumor effect was also exhibited in the 
oral administration when particle diameter of /3 -1,3-glucan was reduced using high 
pressure homogenizes 

When particle size distributions of the ft -1,3-glucan solution and the 
micronized ft -1,3-glucan solution used in this study was measured and compared, the 



mean particle diameter was reduced to approximately 1/2,000 by micronization and the 
particle size distributions was independent almost completely. According to these 
results and a report that microsphere having 5 u m or less of particle diameter is 
transported from Peyers patch to peripheral lymphoid tissue 9) , it may be thought that 
ft -1,3-glucan passes through Peyer's patch and exerts anti-tumor effect due to 
micronization thereof. Although shiitake extract comprising ft -1,3-glucan has the 
same mean particle diameter as that of ft -1,3-glucan solution, the anti-tumor effect 
was exhibited due to reduction of the mean particle diameter to approximately 1/2,000 
by micronization. 

Because the micronized ft -1,3-glucan and the micronized shiitake extract 
which are of the same ft -1,3-glucan concentration exhibit the inhibitory effect on tumor 
growth at the same degree, it is expected that an active ingredient of the micronized 
shiitake extract is ft -1,3-glucan. The delayed type hypersensitive reaction on tumor 
antigen was enhanced, thus it was also suggested that the micronized ft -1,3-glucan 
and the micronized shiitake extract activate Tdth cells in a process of exerting the 
inhibitory effect on tumor growth. 

It was known that ft "1,3-glucan (lentinan) initially adheres to a macrophage, 
[or] neutrophil in blood when it exerts the effect in the intravenous or intraperitoneal 
administration 10 ). Hence, the reason that anti-tumor effect is recognized in the oral 
administration is considered as follows- after being absorbed through Peyer's patch in 
intestinal tract, the micronized ft -1,3-glucan adheres to a immunocompetent cell, such 
as a macrophage and dendritic cell which are probably present in a mucosa of the 
intestinal tract, and regulates immune system of its host without transportation into 
blood to exhibits the effect. 

An effect of the micronized shiitake extract on a model of disease which is said 
to be occurred along with disfunction of immunomodulatory is presently examined. 
There is a preliminary result that increase of the level of IgE in blood and progression of 
dermatitis in an experimental model of atopic dermatitis are suppressed. Interestingly, 
although there is a report that ft -1,3-glucan affects to a redox system in a macrophage 
to regulate the balance of Thl/Th2 cytokine n) , there is likelihood that the oral 
administration of the micronized shiitake extract regulates the balance of Thl/Th2 
cytokine to exert the effect on the model of atopic dermatitis. 

Conclusion 

An inhibitory effect on tumor growth by oral administration of a solution 
comprising ft -1,3-glucan was examined. It was confirmed that ft -1,3-glucan solution 



and shiitake extract comprising /? -1,3-glucan did not exert the effect because of their 
large particle diameter, whereas these solutions exert their effect when they are 
micronized together with lecithin using high pressure homogenizes 
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a high pressure homogenlzer. and assessed anti-tumor effecis of oral administration of these micelles. 
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lecithin micelles with p -glucan did by oral administration. 
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Introduction 

Up to now, by many study results, it has been shown that p-l,3-glucan 
(Lentman, LNT) exerts host-mediated anti-tumor effects 1 ' 4 ). In addition to anti-tumor 
effects, by basic experiment, it has been confirmed that it is effective against various 
diseases via immunity*' 8 *. The anti-tumor effects of LNT were greatly studied using a 
subcutaneous inoculation model of a murine sarcoma cell, Sarcoma 180 (Si 80). In this 
model, LNT exerts strong anti-tumor effects such as complete tumor regression in case 
of intravenous administration or intraperitoneal administration, whereas LNT does not 
exert an effect at all in case of oral administration. It is thought that one of these 
reasons is that LNT is not absorbed through the intestinal tract since it forms an 
aggregate by association between molecules. 

M-cells in intestinal peyer's patchs are known to have the main function of 
absorption of antigens, they absorb various large molecules, virus and bacteria. There 
is also a report that in the study using microsphere, particles of 5 micro meters or less in 
size passed the M-cells to reach immune tissues such as mesenteric lymph nodes and 
spleen 9) . With regard to the LNT, it was thought that there is a possibility of showing 
the host-mediated effect if the LNT can be absorbed into the M cells and then be 
transferred to immune tissues. For this reason, focusing on the particle size of the 
LNT, a micronized LNT was constructed, and then it was confirmed that the micronized 
LNT exerted inhibitory effects on tumor growth at oral administration in murine tumor 
inoculation model 10) . In addition, with regard to the extract of shiitake which was the 
source of purified LNT, it was subjected to the same micronized treatment and the 
anti-tumor effects thereof were confirmed in case of the oral administration, and then it 
was confirmed that the main active ingredient thereof was the LNT. 

Recently, it was found that the particle size of the LNT solution was different 
from the density at the preparation of the solution. Thus, with regard to the LNT 
solutions having the various particle sizes, it was confirmed whether or not they had 
antrtumor effects and then they were compared to the micronized shiitake extract and 
LNT. 



I. Subject and Methods 



1. Test substances 

A bulky powder of LNT (Ajinomoto Co., Inc.) was suspended in distilled water 
and then the resulting suspension was subjected to high-pressure treatment at 120°C 
for 20 minutes to prepare LNT solution. After mixing the LNT solution with a Lecitin 
solution, the mixture was subjected to high-pressure homogenized treatment to be a 
micronized LNT solution (M-LNT). Further, "Micellapist Superfine Dispersed 
BETA-Glucan" (MME : Ajinomoto Co., Inc.) was used as a micronized shiitake extract. 

MONOAMINO NANOGOLD LABELING REAGENT (Nanoprobes, Inc.) was 
used as a gold labeling reagent for labeling the LNT. 

2. Particle size distribution measuring method 

The mean particle size of the test substances were measured by a laser 
diffraction/scattering particle size distribution measurement method using an LA-910 
particle size distribution meter manufactured by Horiba Seisakusho Co., Ltd. 

3. LNT concentration measuring method 

LNT concentrations of test substances were measured by followings- 
The test substances were mixed with a Congo red solution under alkaline 
condition that was formed by adding sodium hydroxide aqueous solution. After adding 
phosphoric acid, utilizing the shift of the local maximum absorption wavelength of 
Congo red by the LNT, the LNT concentration was quantitatively determined by 
measuring the absorbance at 535 nm with a spectrophotometer. 

4. Anti-tumor activity measuring method 

Sarcoma 180 tumor cells maintained by intraperitoneal inoculation in vivo were 
subcutaneously inoculated into a right groin of ICR mice (female, from 5 to 6 week-old) 
at 3 x 10 6 /0.1 ml/head. The test substances were orally or intraperitoneal^ 
administered once daily (to the mice) since the next day of the inoculation. Anti-tumor 
activity were evaluated by tumor volume [(tumor maximum diameter) X (tumor 
minimum diameter) 2 4- 2], and degree of inhibition of tumor growth [(l - (tumor 
volume of administrated group) -r (tumor volume of the untreated group)) x 100]. 

5. Observation of absorption from the Peyer's patchs of the small intestine 

A male ddy mice were given celiotomy under anesthesia and then 3 cm length of 



loop so as to include Peyer's patchs was constructed in a small intestine. The LNT 
solution or M-LNT, labeled with gold-colloid [the amount of the LNT was 0.12 mg] was 
injected [into the loop] and then 2 hours after injection, a sample [of the loop] was 
collected. A frozen section thereof was prepared and then the resulting frozen section 
was visualized by silver-enhancement. At the time of observation by electron 
microscopy, 0.03 mg of the M-LNT labeled with gold-colloid was injected. 

6. Statistical analysis 

T-test was performed between group in the tumor bearing mice and each treatment 
group, and then significant test was performed. 

II. Results 

1 . Preparation of LNT solution 

The mean particle size of the solution adjusted to LNT concentration of 2 
mg/ml was approximately 130 um. The solution was subjected to centrifugation 
(8,000G, lOmin), so that there was approximately 60% of LNT in the supernatant. 
When the precipitation was suspended in distilled water again, the mean particle size of 
the solution was approximately 130 pm. This was referred to as the large particle LNT 
(L-LNT). In case of the preparation at LNT concentration of 0.2 mg/ml, the mean 
particle size was also approximately 130 pm, and, however, the supernatant obtained 
through centrifugation (8,000G, lOmin) contained LNT corresponding to 85% of stock 
solution, and the mean particle size was below the possible range of measurement. 
This solution was referred to as the water-soluble LNT (S-LNT). On the other hand, 
the mean particle sizes of M-LNT and MME was approximately 0.4 pm, and most of the 
particles were below 1 pm. 

In addition, with regard to any LNT solutions, it was confirmed that the size 
distributions of LNT solutions do not change for 3 months at 4 °C or room temperature. 

2. Anti-tumor activity of various LNT solutions by oral administration 

L-LNT, S-LNT, M-LNT or MME was orally administered to S180 subcutaneous 
inoculation mice one time/day for 10 days (5"day administration and 2"day suspension) 
in a dose of 0.03 mg/head in terms of LNT amount from next day after transplant of the 
tumor. Figure 1 shows the then degree of inhibition of tumor growth. L-LNT and 
S-LNT did not show an anti-tumor activity. However, both of M-LNT and MME 
showed significant anti-tumor effects. 

With regard to each LNT solutions, in view of a possibility that 0.03 mg/head 



was not an optimum dose, L-LNT, S-LNT, MME was orally administered one time/day 
for 10 days (5'day administration and 2-day suspension) in a dose of 0.01, 0.09 mg/head 
in terms of LNT amount. Figure 2 shows the then degree of inhibition of tumor 
growth. 

In case of the oral administration of L-LNT or S'LNT, significant inhibitory 
effect on tumor growth was not shown (Figure 2a, b). However, in case of the oral 
administration of MME at any dose, significant inhibitory effect on tumor growth was 
shown (Figure 2c). 

3. Influence of LNT on anti-tumor activity of MME 

In the oral administration, LNT without fine pulverization treatment was not 
effective. For evaluation for incorporation, which might be one of the causes, L-LNT, 
S-LNT or MME was orally administered in a dose of 0.03 mg/head 10 min prior to the 
oral administration of MME at 0.03 mg/head, so that influence on anti-tumor activity of 
MME was studied. As shown in Figure 3, when MME was administered twice, 
significant inhibitory effect on tumor growth was shown. On the contrary, when 
L-LNT was administered in advance, the inhibitory effect of MME on tumor growth was 
completely suppressed. On the other hand, pre-administration of S-LNT did not affect 
the inhibitory effect of MME on tumor growth. 

4. Anti-tumor activity of various LNT solutions by intraperitoneal administration 

For studying whether each LNT solutions have inherent action or not, each 
solutions was intraperitoneally administered one time/day for 10 days (5"day 
administration and 2-day suspension) in a dose of 0.01, 0.03, 0.09 mg/head in terms of 
LNT amount. As a result, all LNT solutions showed a high degree of inhibition of 
tumor growth (Figure 4), and it was confirmed that there was no difference in action in 
intraperitoneal administration. 

5. Incorporation into small intestinal Peyer's patch 

In case of LNT solution without fine pulverization treatment, LNT was little 
adhered on epithelium of Peyer's patch and LNT was little incorporated into the 
internal region of Peyer's patch (Figure 5a). On the contrary, in case of M-LNT, it was 
adhered on epithelium of Peyer's patch and it was incorporated into the internal region 
of Peyer's patch (Figure 5b). Using an electron microscope, presence of M-LNT was 
observed in vacuole of epithelial cell of Peyer's patch. 



III. Discussion 

The LNT solutions having the different particle sizes were prepared 
respectively and anti- tumor effects thereof were compared to that of the micronized 
LNT solution in the murine experimental model of tumor implantation. 

In the results, the LNT solutions having any of the particle sizes showed high 
anti -tumor effects in case of the intraperitoneal administration. Therefore it was 
thought that they retained function as the LNT. With regard to (the correlation 
between) the molecular weight of the LNT and the anti-tumor effects at intraperitoneal 
administration, there is a report that the S-LNT having the molecular weight of less 
than 6000 showed no effect whereas it having the molecular weight of 6000 and 16200 
showed effects n) . With regard to the water-insoluble fraction, it is also indicated that 
any of the water-insoluble fractions having the molecular weight of 30000 or more 
showed high effects. From these reports, it is anticipated that among the LNT which 
were used in the present study, the S*LNT in the water-soluble fraction had the 
molecular weight of 6000 or more, and the L-LNT had the molecular weight of 30000 or 
more. With regard to the micronized LNT, it is highly possible that the micronized 
LNT included the LNT with various molecular weights because it was not subjected to 
centrifugation. 

On the contrary, in case of the oral administration, both the L-LNT and S-LNT 
had no anti-tumor effects but only the micronized LNT showed anti-tumor effects. 
There is a report that microsphere of particle size of 5 micro meter or less is transported 
from peyer's patchs to peripheral lymphatic tissue 9) . Thus, it is thought that M cells in 
peyer's patchs of the small intestine play a central role in the absorption (incorporation) 
of the orally-administrated LNT. In the present study, with regard to the micronized 
LNT, it was confirmed that the micronized LNT was absorbed by peyer's patchs when 
the labeled LNT(s) were injected into the intestine loop. Since the particle size of the 
S-LNT, which is below the detection limit, is smaller than that of M-LNT, it is thought 
that the absorption of the S-LNT by peyer's patchs of the small intestine is possible. 
The S-LNT also showed anti-tumor effects in case of the intraperitoneal administration 
and thus it was thought that there was a possibility of showing the anti-tumor effect in 
case of the oral administration of S-LNT, however, it actually was not effective. To 
discuss the cause (of the above mentioned result), the L-LNT, S-LNT or MME were 
orally-administered respectively, then 10 minutes after administration, the MME was 
administered to each of them to study the influence on inhibitory effects on tumor 
growth by the second MME administration . In the result, the L-LNT suppressed 
inhibitory effects on tumor growth of the MME whereas the S-LNT did not influence. 



With regard to the L-LNT, it is thought that the L-LNT follows the same pathway as 
MME in the first step of the absorption from the intestinal tract then in the result, it is 
thought that the absorption of the MME by the peyer's patchs of the small intestine was 
inhibited. On the contrary, with regard to the S*LNT, it is thought that there is the 
difference of the immune reaction against the LNT between the intestinal tract and 
whole body as a possible reason for the S*LNT with small particle size showed effects in 
case of the intraperitoneal administration whereas it showed no effect in case of the oral 
administration. 

Hence, it is thought that histological study will be performed about the 
influence of the L-LNT or S'LNT for the absorption of the M-LNT. 

Conclusion 

The inhibitory effects on tumor growth by the intraperitoneal or oral 
administration of the solution including the LNT were studied. In case of the 
intraperitoneal administration, the solution having any particle size showed strong 
effects whereas in case of the oral administration, only the micronized solution showed 
the effects. Whether the particle size was large or small, the LNT solution without 
micronized treatment showed no effect. 

References 

1) Chihnra, G., Hamuro, J. } Maeda, Y.Y., et aL- Fractionation and purification of 
the polysaccharides with marked antitumor activity, especially lentinan, form Lentinus 
edodes (Berk.) Sing, (an edible mushroom). Cancer Res, 30: 2776*2781, 1970. 

2) Chihara, G., hamuro, J., Maeda, Y.Y., et aV Inhibition of mouse sarcome 180 by 
polysaccharides from Lentinus edodes (Berk.) Sing. Nature 222: 687-688, 1969. 

3) Maeda, Y.Y and Chihara, G.: The effects of neonatal thymectomy on the 
antitumor activity of lentinan, carboxymethylpachymaran and zymosan, and their 
effects on various immune response. Int. J. Cancer 11: 153-161, 1973. 

4) Chihara, G. Maeda, YY, Suga, T, et al.: Lentinan as a host defence potentiator 
(HDP). Int J. Immunother V : 145*154, 1989. 

5) Chang, K.S.S.: Lentinan- mediated resistance against VSV* encephalitis, 
Abelson virus-induced tumor, and trophoblastic tumor in mice Manipulation of Host 
Defence Mechanisms, Excerpta Medica, Amsterdam, 1981, p. 78. 

6) Kanai, K., Kondo, E., Chihara, G., et al.- Immunopotentiating effect of fungal 
glucans as revealed by frequency limitation of post-chemotherapy relapse in mouse 
experimental tuberculosis, Jpn. J. Med. Scl Biol 33: 283-293, 1980. 



7) White, T. R., Thompson. R.C.A., Chihara, G., et al.; The effect of lentinan on the 
resistance of mice to mesocestoides corti, Parasitol. Res. 74: 563-568, 1988. 

8) Irinoda, K., Masashi, K. N., Chihara, G., et al.* Stimulation of microbicidal host 
defence mechanisms against aerosol influenza virus infection by lentinan, Int. J. 
Immunopharmacol, 14: 971-977. 1992. 

9) Eldridge J. H., Staas J. K., Gilley R. M. et al.: Biodegradable microspheres as 
a vaccine delivery system. Mol. Immunol. 28(3): 287-294, 1991. 

10) Suga, Y., Takatsuki, F. and Suga, T.: Antitumor effects of micellary mushroom 
extracts in a murine tumor model. Biotherapy 17(3): 267-273, 2003. 

11) Sasaki, T., Takasuka, N., Chihara, G., et al. : Antitumor activity of degraded 
products of lentinan: Its correlation with molecular weight. Gann 67: 191-195, 1976. 



10-04-13; 0 6 :3 0 PM;S|<0f (tt)«fiBft»- 



wm 



; 044244961 9 



I 15/ 21 



Biomedical Research 28 (2) 71-77, 2007 



Potentiation of intestinal immunity by micellary mushroom extracts 



Jiwci Shun 1 ' \ Hongwei Ren 1 , Chikako Tdmjyama-Miyajj 5 , Yasuyo Suga\ Tetsuya Suga\ Yuh Kuwaw 1 
Tsuneo Tiai , Katsuyoshi HaTaxeyama 2 and Tom Abo 1 

1 Dcponmcnt of Immunology; 1 Firnt Department of Surycry. Niigatu University School of Medicine: 3 School of Hcalih Science, F»cu!ly 
of McdiciDC, Niiguto University, Niifium; ond •PburmBccuricul Research Ubontoriei, Ajinomolo Co. Inc., Ktiwusaki, Jupim 

(Received 28 Decanter 2006; and accepted 18 January 2007) 



ABSTRACT 

Mushroom (shiitake) extracts were dispersed with lecithin micelles to prepare superfine particles 
(0.05 to 0.2 urn in diameter) of (3-1,3-glucan (micellary mushroom extracts). When mice were fed 
with these micelles of 0-glucan (0.75 mg/day/mouse, smaller amounts of P-glucan), the number of 
lymphocytes yielded by the small intestine increased by *up to 40%. Moro interestingly, the ratio 
of CD8a3 + TCRa(3* cclk/CD8aa 4 TCRaP" cells increased prominently, In parallel with this devia- 
tion in the distribution oflymphocyte subsets, tumor cytotoxicity against P815 cells and cytokine 
productions were also augmented. In other words, phylogenetically developed lymphocytes 
(CDSaff , TCRa|T) were much more effectively activated by the oral administration of micellary 
P-glucon. These results suggest that smaller amounts of micellary P-glucan might be usoful for the 
potentiab'on of intestinal immunity. 



It is empirically known that mushrooms, especially 
components of p-glucan, are good for our health (2, 6, 
10, 14, 17, 21) and sometimes show anti-tumor ef- 
fects in animal models and humans (3, 4, 15). How- 
ever, such an ti- tumor effects of crude mushroom 
extracts were limited in our preliminary experi- 
ments. To overcome this, we prepared superfine par- 
ticles of (3-1,3-glucan (i.e., mushroom extracts) 
dispersed with lecithin micelles using a high-pres- 
sure cmulsifier in this study. These mushroom (shii- 
take) extracts were then used to examine whether 
oral administration has the potential to induce the 
augmentation of intestinal immunity in mice. Cumu- 
lative evidence has revealed that the augmentation 
of intestinal immunity is extremely important for 
immunological tolerance, nnti-rumor effects, innate 
immunity against intracellular pathogens, etc. (1, 7, 8, 
13, 18). The present results indicate that micellary 
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mushroom extracts might have such potential via 
the augmentation of intestinal immunity, especially 
in the small intestine. 

MATERIALS AND METHODS 

Mice. C57BL/6 (B6) mice at the age of 8-10 weeks 
were used in this study. The mice were maintained 
in the animal facility of Niigata University (Niigaia. 
Japan). All mice were fed under specific pathogen- 
fircc conditions. All experimental procedures were 
approved by the Committee on Animal Research of 
Niigata University. 

Oral administration of shiitake extracts. Shiitake 
mushrooms were broken down with a colloid mill 
and boiled at 95°C for 3 h in hot water, and the re- 
sulting extracts were filtered. These extracts were 
thca mixed with lecithin and dispersed at 1500 )cg£/ 
cm 2 with a high-pressure cmulsificr (Ajinomoto Co. 
Inc. Kawasaki, Japan). Panicles of (M,3-glucan Ln 
the shiitake extracts (10 - 1000 urn) became smaller 
up to particle si2c of 0.05 to 0.2 urn (Fig. 1). The 
major component of (he superfine particles was 
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Fig. 1 Particle size distribution of ihe shiitake extract. A. 
Crude shiitake extracts. B. Mlcellary shiitake extracts. Shii- 
take extracts were mixed with lecithin and wore dispersed 
at l5D0kgf/cm* using a high-pressure emulslltor. Diameter 
of particles was determined by a laser diffraction/scattering 
particle size distribution meter. 



p-glucan. The concentration of (3-giucan was quanti- 
tatively determined using Congo red solution by 
measuring the absorbnnce at 535 nm with a spectro- 
photometer. These micellary extracts were diluted 
with drinking water, which mice drank from a bottle 
for 2 weeks (0.75 rng/dfly/mouse). 

Cell preparation. Mice anesthetized with ether were 
sacrificed by total bleeding from the incised axillary 
artery and vein. The organs to be used for the ex- 
periments were removed and lymphocytes were 
obtained as follows. Hepatic lymphocytes were iso- 
lated by a previously described method (22), Briefly, 
tbc liver was pressed through 200-gauge stainless 
Etcel mesh and suspended in Eagle's MEM medium 
(Nissui Pharmaceutical, Tokyo, Japan) supplemented 
with 5 mM I-lepes and 2% heat-inactivated newborn 
calf scrum. After being washed once with the medi- 
um, the cells were fractionated by centrifugation in 
15mL of 35% Percoll solution (Amcrsham Biosci- 



ences, Uppsala, Sweden) for 15 min at 440 *£. 
The resulting pellet was resuspeoded in erythrocyte 
lysing solution (155 raM *NH,CJ f 10 mM KHC0 3 , 
1 mM EDTA-Na, and 17 mM Tris, pH 7.3). Splcno- 
cytes were obtained by forcing the spleen through 
200-gaugc stainless steel mesh. Splcnocytcs were 
treated with 0.2% Nad solution to remove RBC. 

Intraepithelial lymphocytes (1EL) were collected 
from the small intestine according to a previously 
described method (19). Briofiy, the small intestine 
was removed and flushed with PBS to eliminate lu- 
minal contents. Tbc mesentery and Pcycr's patches 
were then resected. The intestine was opened longi- 
tudinally and cut into 1-2 cm fragments. These frag- 
. ments were incubated Pot 1 5 min in 20 mL Ca 2< - 
and~Mg :+ -frcc Dulbccco's PBS containing 5 mM 
/ EDT"A, in a 37°C shaking-water bath. The supcr- 
Snatant'rwas then collected. The" cell suspensions 
\ Were" -collected and centrifuged in a discontinuous 
*0°/o/80% Percoll gradient at 830 *g for 25 min. 
CelLs from the 40%/80% interface were collected. 

Immunofluorescence tesis. Standard flow cytometric 
analysis was performed as previously described (16). 
FITC-conjugated anti-CD3 (145-2C11), anti-CD8a 
(53-6.7), PE-conjugaied nnti-NKU (PK136), anti- 
IL-2R0 (TM-pi) t anti-CD45R/B220 (RA3-6B2), an- 
ti-CD4 (PM4-5), anti-CD8f3 (53-5,8), biotin- 
conjugated anti-TCRa(3 (H57-597), anti-TCRyS 
raAbs (GL3) and their isotypc controls were pur- 
chased from BD PharMingen (San Diego, CA). Bio- 
tin-conjugatcd reagents were developed with Tri- 
color conjugated strcptavidin (Caltog Lnb, San 
Francisco, CA). 

Cytotoxicity assay. Cytotoxicity assay was per- 
formed as previously described (5). YAC-l and 
PS15 target cells were labeled with sodium* [ 5, Cr] 
chrornate (NEN Life Science Products, Boston, MA) 
for 2h and washed three times with RPMI-1640 
medium supplemented with 10% fetal calf scrum 
(l'CS). P815 target cells were prcincubated with 
anti-TCRap (H57-597, 1 ug/mL), anti-TCRyS (GL3, 
1 ug/mL), and anri-CD3e (145-2C1 1, 1 ug/mL), re- 
spectively. Effector cells were serially diluted and 
mixed with [ 5, Cr]-labclcd target cells (1 * 10* 1 cells) 
in a 96-well U-bottomed micro culture plate. The 
plate was centrifuged and incubated for 4 h at 37°C. 
At the ond of the culture, 100 mL of supernatant 
was counted in a gamma counter. 

Quantification of cytokines. Sera obtained from each 
mouse were used to detect the concentration of in- 
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tcrlcukin-2 (IL-2) and tumor necrosis factor a (TNfa) 
using Cytometric Bead Array (CBA) kits (BD Bio- 
sciences, San Jose, CA) according to the manufac- 
turer's instructions. The CBA technique is based on 
microparticles matched with antibodies, in which 
the panicles arc dyed to different fluorescence inten- 
sities. Following acquisition of sample data using a 
FACScan (BD Biosciences), the sample results were 
generated in graphical and tabular formats using BD 
CBA Analysis Software (BD Biosciences). 

Statistical analysis. The difference berwecn the val- 
ues was determined by Student's /-lest 

RESULTS 

Immunopotentlation in the small Intestine by the ad- 
ministration of fi-glucan 

Mice drank pure water or water with shiitake ex- 
tracts (i.e., miccllary p-glucan) for 2 weeks and the 
numbers of lymphocytes yielded by the liver, spleen 
and small intestine were enumerated (Fig. 2). The 
numbers of lymphocytes in the liver and spleen 
were unchanged by the oral administration of 
P-glucan, whereas that in the small intestine (in- 
traepithelial lymphocytes, BL) increased up to 40% 
by the administration of P-glucan (n = 4, p < 0,05). 

To determine the distribution of lymphocyte sub- 
sets in various immune organs, two-color staining 
for CD3 and lL-2Rp and that for CD3 and NK1.1 
were then conducted (Fig. 3A). Mice fed with or 
without P-glucan were examined on day )4. In the 
liver, CD3"lL-2Rp f were NK ceils, CD3^IL-2Rp* 
were extrathymic T cells and CD3 U, * I, 1L-2RP" were 
conventional T cells of thymic origin (20). NK cells 
and extrathymic T cells were abundant in the liver, 
but these subsets were few in the spleen. The distri- 
bution patterns of these lymphocyte subsets were 
unchanged in the liver and spleen, irrespective of 
the administration of P-glucan. In the case of the 
small intestine, CD3TL-2Rp" (mainly apT colls) and 
CD31L-2RP* (mainly yeT cells) were present. This 
pattern was also unchanged by the administration of 
P-glucan. A similar staining pattern was also pro- 
duced by two-color staining for CD3 and NKL1 
(Fig. 3A bottom). The patterns were also confirmed 
to be unchanged by P-glucan in this staining. CD3" 
NKl.l* were NK cells and CD3 ta NK1.r were NKT 
cells (approximately 50% of extrathymic T cells 
were NKT cells). 

To further characterize the phenotype of lympho- 
cyte subsets., stninings with various combinations 
were conducted, especially in the small intestine 



(Fig. 3B). Among DEL in the small intestine (s-IEL), 
B220*T cells were present Their level became low 
by the administration of P-glucan (35.1% — > 24,9%). 
Two-color staining for CD4 and CD 8 showed that 
the proportion of CD8 + cells became high by 
P-glucan. This population was found to contain high 
proportions of TCRap* cells and CD8a*CD8p~ cells 
(/,<?., CDS aa homodimer cells). 

We then examined the distribution of TCRap* and 
TCRy5* cells among CD8a 4 p* cells and CD8aT 
cells in the small intestine (Fig. 4). Three-color 
staining for CDSn, CDSP and TCRcu3 (or TCR?5) 
was conducted. By gated analysis, the proportion of 
TCRaP" cells and TCRv5" cells was estimated. In 
normal mice, approximately 60% of the CD8aP 
cells were TCRaP* and 40% of them were TCRyo*. 
On the other hand, approximately 30% of the 
CD8aa cells were TCRap" and 70% of them were 
TCRyiT. The administration of P-glucan changed 
this distribution pattern, namely, the proportion of 
TCRap* cells increased and that of TCRyo* cells de- 
creased among both CDSap cells and CD8aa cells. 

All these experiments were repeated (n*=4) and 
the absolute numbers of various lymphocyte subsets 
were calculated (Fig. 5). The number of whole CDS* 
cells increased prominently by the administration of 
P-glucan (p < 0.05). Among CD8" cells, the increase 
in the number of CD8aa cells was much more 
prominent than that of CDSaP cells. The number 
of TCRap* cells increased (p < 0.05), but that of 
TCR-yS* cells increased only slightly. 
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Fig. 3 Phenotyplc characterization of lymphocytes by two-color Immunofluorescence tests, A, Two-color staining for CD3 
and IL-2R0 (or NK1.1), B. Two-color staining for various combinations. Numbers In the figure represent the percentages of 
fluorescence-positive cells In corresponding areas. Representative rosulls of three experiments aro depleted. 
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Fig, 4 Phenotypic characterization of lymphocyte subsets In the small Intestine. IEL were Isolated from the small Intestine 
in mfco fed with or without 0-glucan. Three-color staining for CD8o, CD6/3 Bnd TCRa/3 (or TCRy<5) was conducted. By 
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Fig. 5 Comparisons of the absolute number ol lymphocyte 
eubeeta In the small Inlestlne between mice fed without 
/3-glucan end with 0-glucan. Four mice were used to pro- 
duce Iho moan and one SD. 



Augmented cytotoxicity of IEL in the small intestine 
by P'glucan 

Cytotoxicity ossays against YAC-l cells {i.e., *NK 
cytotoxicity) and against P815 cells {i.e., tumor cy- 
totoxicity) were conducted (Fig. 6). Primarily, lym- 
phocytes isolated from the liver had high KK 
cytotoxicity but those isolated from the spleen and 
small intestine had low NK cytotoxicity (9). This 
tendency was confirmed in mice fed with or without 
P-glucan (Fig. 6A). In other words, the administra- 
tion of P-glucan did not have a significant effect on 
NK cytotoxicity. 

It is known that IEL in the small intestine carry 
tumor cytotoxicity against P815 myeloma cells- and 
this cytotoxicity is augmented by anrj-CD3. anti- 
TCRa|3 and anti-TCRy5 mAbs coated on assay 
plates (5). These experiments were conducted in IEL 
in the small intestine of mice fed with or without 
(3-glucan (Fig. 6B). Under all tested conditions ex- 
cept of anu'-CD3 mAb, EEL isolnted from mice fed 
with P-glucan showed augmented levels of tumor 
cytotoxicity (p < 0.05). 

Cytokine levels increased In sera by administration 
of ft-glucan 

As is well-known, pro-inflammatory cytokines such 
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Fig. 6 Cytotoxic activity of lymphocytes. A. NK cytotoxicity 
against YAC-1 cells, B. Tumor cytotoxicity against P6T5 
cells. Lymphocytes woro Isolated from the fiver, spleen and 
small Intestine In mice fed with or without 0-glucan. Cyto- 
toxicity was examined at the Indicated effecior 10 target (£T) 
ratios. By three Independent experiments, the mean and 
one SD woro produced. 



as TNF-a are important for host defense. Further- 
more, several investigators have reported that the 
production of cytokines {e.g. TNFa and IL-1) in 
mice was enhanced by administration of p-glucan (11, 
12). To determine if cytokine levels increased by the 
administration of (3-glucan, in a final portion of 
these experiments, the levels of TNFa and IL-2 
were examined in sera of mice fed with or without 
p-glucnn (Fig. 7). In the sera of mice that underwent 
the administration of p-glucan, CBA assay detected 
prominently increased levels of TNFa (3.2 pg/mL 
5.4pg/mL) and IL-2 (1 .6 pg/roL -* 3.6 pg/mL), 
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Fig. 7 Cytokine production 1rom sera. LymphocyteG were 
Isolated from mice fed with or withoui /3-glucan. By three 
experiments, the mean and one SD were produced. 



compared to levels in the mice without p-ghican 
(n = 3, p < 0.05). The levels of IFN^, IL-4 and IL-5 
were also examined, but were unchanged by the oral 
administration of fi-glucan (data not shown). 

DISCUSSION 

In the present study, we demonstrated that micellary 
p.l^-glucan prepared from shiitake extracts was 
able to potentiate intestinal immunity. The number 
of lymphocytes yielded by the small intestine in- 
creased and the tumor cytotoxicity against P815 
cells was augmented by the oral administration of 
micellary p-glucan. Although there have been some 
reports that crude-sized P-glucan potentiates intesti- 
nal immunity (19), we herein used superfine parti- 
cles of p-glucan dispersed with lecithin micelle*. 
The smaller amounts of miccliary J3-glucan seemed 
to be more effective for the potentiation of immuni- 
ty than crude-sized p-glucan. The earlier reports 
showed that crude-sized P-glucan was required at 
Ihc level of 1 0-30 mg/day/mouse for imraunopotcn- 
tiation (19). However, less than 1 mg/day/mouse of 
micellary p-glucan was effective for the same level 
of potentiation. 

Primarily, [3-1,3-glucan is the major component of 
oats, mushrooms and yeasts (2, 6, 10 > 14, 17, 21). 
Since P-l,3-glucan is an indigestive sugar for hu- 
mans, almost all of the large fragments of this sugar 
might be unabsorbed from the small intestine. It is 
Speculated that this situation explains die limited 
function of crude-sized p»l,3-glucnn for the imrnu- 
nopotentiation of intestinal immunity (3, 4, 15). To 
overcome this situation, wc prepared micellary 
mushroom extracts containing superfine particles of 
P-l,3-glucan, using lecithin micelles and a high- 
pressure emulsificr. The crude-sized p-glucan ranged 
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from 10 to 1000 um of diameter, whereas micellary 
P-glucan ranged from 0.05 to 0.2 una in diameter. In 
other words, findings of the present study suggest 
that a small amount of micellary p-glucan is suffi- 
cient to potentiate intestinal immunity. Some pa- 
tients such as those with digestive tract malignancy 
might have difficulty in taking a large amount of 
P-gJucau. In that case, micellary P-glucan might be 
very usefiil. 

Similar to other data on crude-sized P-glucan (19), 
an increase in the number of lymphocytes in the 
smaD intestine was prominent even by the oral ad- 
ministration of micellary P-glucan. However, rela- 
tive enrichment of CDSaP^TCRaP* cells was unique. 
On the other hand, the proportion of CD8aa"TCR.7o* 
cells slightly declined (see Fig. 4). These results 
suggest that phylogcnctically dcvoloped T cells in 
the intestine are efficiently activated by micellary 
p-glucan. These results arc also related to the aug- 
mentation of tumor cytotoxicity and the increased 
production of TNF-a and 11^2. Our preliminary ex- 
periments revealed that CD8aP*TCRa(T cells had a 
higher ability of the above-mentioned functions (data 
not shown). In sharp contrast, CD8aa" (CDS ho- 
modimcr) cells and TORyo - * cells arc known to be 
the most primitive form of lymphocyte subsets in 
phylogcny. In any case, micellary p-glucan may be 
expected to be effective for the potentiation of intes- 
tinal immunity in other animnls and humans. 
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